Objectives: Several studies have suggested that patients who experience insomnia report a number of significant impairments. However, despite this literature, fewer studies have focused on the burden of insomnia among patients in Japan. The objective of the current study is to extend this work in Japan to further understand the effect of insomnia on health-related quality of life (hrQOL). Further, another objective is to understand general predictors of hrQOL among patients with insomnia. Methods: Data from the 2012 Japan National Health and Wellness Survey, an annual, crosssectional study of adults aged 18 years or older, were used (N=30,000). All National Health and Wellness Survey respondents were categorized based on the incidence of self-reported insomnia diagnosis and prescription medication usage (clinical insomniacs under treatment versus [vs] good sleepers without insomnia or insomnia symptoms). Comparisons among different groups were made using multiple regression models controlling for demographics and health history. Results: Clinical insomniacs (n=1,018; 3.4%) reported significantly worse hrQOL compared with good sleepers (n=20,542) (mental component summary: 34.2 vs 48.0; physical component summary: 48.0 vs 52.8; health utilities: 0.61 vs 0.76; all P,0.05). Health behaviors (smoking, exercise, alcohol use) and comorbidities were the strongest predictors of health utilities for clinical insomniacs. For all three clinical insomniac subgroups of interest, those with a physical comorbidity but not a psychiatric one, those with a psychiatric comorbidity but not a physical one, and those without either a physical or psychiatric comorbidity, large decrements in health utilities were observed for respondents who did not engage in any positive health behaviors (0.61, 0.57, 0.64, respectively) relative to good sleepers (0.78). However, the gap in health utility scores between these subgroups and good sleepers diminishes with an increasing number of positive health behaviors (eg, clinical insomniacs with a physical comorbidity but not a psychiatric comorbidity performing all three positive health behaviors =0.67 vs good sleepers =0.78). Discussion: A significant burden remains for those with insomnia who are treated. Given the particularly low levels of hrQOL among treated insomnia patients who have poor health behavior profiles and have psychiatric comorbidities, physicians should place particular emphasis on these patients who are most in need of intervention. Improved treatments may help to address the unmet needs of these patient populations.
Introduction
Although its prevalence varies considerably by the definition used, [1] [2] [3] [4] [5] [6] [7] [8] insomnia is a serious condition with wide-ranging effects. Primary insomnia, as defined by the Academy of Sleep Medicine, is observed in approximately 6% of adults. 2, 3 However, symptoms of insomnia are quite common across the life cycle. [8] [9] [10] For example, difficulty initiating sleep, difficulty maintaining sleep, and early morning awakening have been experienced in the past month by approximately 30% of the adult population. 1, 4, 9, 11 The presence of insomnia has been associated with increased anxiety and depression, 12 impaired quality of life, 12 and greater indirect and direct societal costs. [13] [14] [15] [16] [17] Bolge et al used data from the 2005 United States National Health and Wellness Survey (NHWS) and found that respondents who had been diagnosed with insomnia and experienced their symptoms at least a few times per month reported significantly worse health-related quality of life (hrQOL), more missed work (absenteeism), more impairment while at work (presenteeism), and greater impairment in leisure activities. 18 Indeed, a recent systematic review of 58 studies found a consistent effect of insomnia symptoms on social and work-related functioning, cognition and mood, and overall health care burden. 19 However, despite this literature, fewer studies have focused on the burden of insomnia among patients in Japan. One exception is a recent study conducted by Sasai et al which categorized patients into "good sleepers" using and not using sleep medication and patients with insomnia using and not using sleep medication based on Pittsburgh Sleep Quality Index scores. 20 The results suggested a significant physical and mental burden of insomnia for patients with insomnia in Japan and also suggested a further physical burden (but not a mental one) for those using medication, possibly due to the side effect profile of the medications.
The objective of the current study is to extend this work in Japan to further understand the effect of insomnia on hrQOL. More specifically, the analyses presented will examine the differences in health outcomes among those with insomnia and who are treated compared with those without insomnia or symptoms of insomnia. Further, another objective is to determine predictors of hrQOL among those who are using a medication for their insomnia to aid clinicians in the identification of potentially modifiable factors which can benefit the daily functioning of patients.
Methods

Data source
The current study used data from the 2012 Japan NHWS ( Kantar Health, New York, NY, USA), an annual, cross-sectional study of adults aged 18 years or older (N=30,000). The NHWS is a general health survey which includes questions on medical conditions, symptoms, treatment information, and health outcomes among other variables. The survey is completed online and potential respondents to the NHWS are recruited through an existing Internet panel. The members of this panel are recruited through a variety of methods (eg, newsletters, online banner advertisements, etc). However, to minimize sampling bias, the NHWS recruited members of this panel using a stratified random sample framework (with quotas based on sex and age) to match the characteristics of the adult population in Japan. Comparisons between the Japan NHWS and governmental sources are reported elsewhere.
All respondents provided informed consent and the study protocol was reviewed and approved by an Institutional Review Board.
Sample
All respondents from the Japan NHWS were included in the analyses (N=30,000).
Measures insomnia symptoms
All respondents of the NHWS were asked whether they had insomnia or sleep difficulties (and, if so, whether those conditions had been diagnosed). All respondents were also presented with a list of sleep-related symptoms and asked to select which ones they regularly experience. These symptoms included "difficulty falling asleep", "waking during the night and not being able to get back to sleep", "poor quality of sleep", "waking up several times during the night", and "waking up too early".
Also, all respondents who reported they are experiencing insomnia or reported experiencing insomnia symptoms also indicated whether or not they are taking a medication for their condition. The specific medication was also reported by the respondent.
From these data, two groups were created to quantify the burden of insomnia: those who reported having been diagnosed with insomnia and using a prescription medication (clinical insomniacs) and those who did not report having insomnia or having symptoms associated with insomnia (good sleepers). We focused on clinical insomniacs to avoid including patients with a sub-clinical level of insomnia or those who were improperly managed (ie, above a clinical threshold for insomnia but not receiving adequate treatment). 
Demographics
health history
Smoking status ("do you currently smoke cigarettes?"; coded as current smoker ["yes"/"yes, but I'm trying to quit"] vs current non-smoker ["never smoked"/"no, I quit"/"no, I'm in the process of quitting"]), exercise behavior ("how many days in the past month did you exercise vigorously for at least 20 minutes?"; coded as exercised in the past month [1 day or more] vs did not exercise in the past month [0 days]), alcohol use ("how often do you drink alcohol?"; coded as currently drink alcohol ["daily"/"4-6 times per week"/"2-3 times per week"/"once a week"/"2-3 times per month"/"once a month or less"] vs do not currently drink alcohol ["I do not drink alcohol"]), and body mass index. Physical comorbidities were assessed using the Charlson comorbidity index (CCI) which represents an index score summarizing the overall comorbidity burden of each respondent. The CCI is calculated by weighting the presence of severe comorbidities and summing the result. 21 Patients who reported experiencing either anxiety or depression were considered to have a psychiatric comorbidity. hrQOl hrQOL was assessed using the physical component summary (PCS) and mental component summary (MCS) scores from the Short Form-36 version 2 (SF-36v2). 22, 23 The items from the SF-36v2 can also be used to calculate a health utility score; a score which quantitatively describes the overall health state of an individual. 24 The health utility score varies from 0 (a health state equivalent to death) to 1 (a health state equivalent to perfect health). For example, based on the response pattern of the SF-36v2 questions (eg, a respondent reported their health as "excellent", they experienced no bodily pain, etc; all items from the SF-36v2), they are assigned a health utility score. The higher the health utility score, the better the overall health state of the respondent.
Statistical analysis
The results are presented in two sections. In the first section, demographic and health history differences among clinical insomniacs and good sleepers were examined using chi-square tests and one-way analysis of variance tests (ANOVAs). Effect sizes (Cohen's d for continuous variables and φ coefficients for categorical variables) were also reported. Differences between these two groups with respect to hrQOL were then examined using multiple linear regressions controlling for age, sex, education, income, smoking, alcohol use, exercise, body mass index, and the CCI. Adjusted means from these regression models were reported.
The second section examined predictors of health utilities among clinical insomniacs using a multiple regression model. Predictors included demographics and health history variables. Unstandardized regression coefficients (b) and the 95% confidence intervals around those coefficients are provided. Adjusted means of different subgroups (eg, patients who exercise) were reported from the results of this model. Post hoc analyses then used the results of this regression model to understand how malleable behavioral factors (smoking, alcohol use, exercise) could potentially influence the health utility values among clinical insomniacs who either had a physical (based on the CCI) or psychiatric comorbidity burden. Among those with a physical comorbidity but not a psychiatric one, those with a psychiatric comorbidity but not a physical one, and those without either a physical or psychiatric comorbidity, the predicted health utility score was generated using the regression equation, assuming 0, 1, 2, or 3 positive health behaviors (ie, no smoking, no alcohol use, regular exercise). These predicted health utility scores were then qualitatively compared to those without insomnia.
Results
The burden of insomnia
A total of 4.9% (n=1,455) of respondents reported a diagnosis of insomnia, with most (70.0% using a prescription medication). These n=1,018 (3.4% of the total adult population) participants who reported having insomnia and using a prescription treatment for their insomnia were defined as clinical insomniacs; n=20,542 were defined as good sleepers. The most common sleep symptoms experienced by clinical insomniacs included waking up several times at night (60.9%), waking up too early (55.7%), waking up and not getting back to sleep (52.9%), and difficulty falling asleep (21.9%). The demographic differences between these groups are shown in Table 1 . Several differences were observed between clinical insomniacs and good sleepers. Specifically, clinical insomniacs were more likely to be female (P,0.01), have a lower annual household income (P,0.001), be unemployed but looking for work (P,0.001), and less likely to be employed (P,0.001). Clinical insomniacs were also more likely to smoke (P,0.001), exercise regularly (P,0.05), be obese (P,0.001), and have a higher CCI score (P,0.001).
The most common prescription medications used were zolpidem tartrate (26.7%), brotizolam (22.5%), flunitrazepam (21.2%), and etizolam (19.1%) ( Table 2 ). A mean of 1.7 mediations were used by those with insomnia (standard deviation =1.3).
Adjusting for demographic and health history differences, clinical insomniacs reported significantly worse MCS and PCS scores relative to good sleepers (MCS: 34.2 vs 48.0, Cohen's d=1.48, respectively; PCS: 48.0 vs 52.8, Cohen's d=0.79, respectively, both P,0.001) (Figure 1) . Similarly, clinical insomniacs reported significantly worse health utility scores (0.61 vs 0.76, Cohen's d=1. 21 , P,0.001; Figure 1 ).
Predicting health status among those treated
Among clinical insomniacs, an analysis of their health utility scores was examined (see Figure 2 for analyzed indices and Supplementary materials for complete regression tables). Employment status was the only demographic variable significantly associated with health utilities; those not employed and looking for work reported significantly lower values (b=-0.015), the strongest association was psychiatric comorbidities (b=-0.08) (both P,0.001). Using this regression model, subsequent analyses estimated the health utility scores for certain segments of clinical insomniacs. Specifically, health utility scores were estimated for respondents who had a varying number of positive health behaviors (from 0 to 3 of the following: do not smoke, do not drink alcohol, exercise regularly) among different physical and psychiatric comorbidity subgroups (Figure 3 ). For all three clinical insomniac subgroups of interest, those with a physical comorbidity but not a psychiatric one, those with a psychiatric comorbidity but not a physical one, and those without either a physical or psychiatric comorbidity, large decrements in health utilities were observed for respondents who did not engage in any positive health behaviors (0.61, 0.57, 0.64, respectively) relative to good sleepers (0.78). However, the gap in health utility scores between these subgroups and good sleepers diminishes with an increasing number of positive health behaviors. Indeed, for respondents with a physical comorbidity but not a psychiatric one and for respondents without either a physical or a psychiatric comorbidity who engage in all three positive health behaviors, the Notes: **P,0.01; ***P,0.001 relative to "0 positive health behavior" category within each group (ie, those with a cci .0 and no psychiatric comorbidity; those with cci =0 and a psychiatric comorbidity; those with cci =0 and no psychiatric comorbidity). The "good sleepers" bar was provided merely for context and was not part of the statistical model as they, by definition, did not have insomnia. Bars represent 95% confidence intervals. Abbreviation: cci, charlson comorbidity index.
gap in health utilities was reduced to 0.11 and 0.09 points, respectively (0.67 vs 0.78 and 0.69 vs 0.78, respectively). However, due to the strong relationship between psychiatric comorbidities and health utilities, the gap between those with a psychiatric comorbidity still remained large despite the engagement in all three positive behaviors when compared with good sleepers (0.62 vs 0.78).
Discussion
Although this study was not intended to be an epidemiological investigation of insomnia in Japan, our prevalence rate (4.9% of the population was diagnosed; 3.4% of the adult population was diagnosed and treated) was generally consistent with the rates of primary insomnia. 1-3 Naturally, our study does differ from the epidemiological studies which focused on defining insomnia purely through symptoms, 6 as respondents who met criteria for a diagnosis of insomnia based on their symptom profile but have not been diagnosed would be excluded from our study but included in others. The discrepancy in prevalence observed between those who only report symptoms and those who are receiving a diagnosis (the latter further supported by the results here) suggests that a number of patients who meet criteria may not be receiving a diagnosis of insomnia.
It also should be noted that although there are undoubtedly cultural and health care system differences, the prevalence of insomnia and insomnia medication use was generally comparable between Japan and the West suggesting the potential generalizability of the findings. [25] [26] [27] We observed a significant burden for patients with insomnia using a prescription medication (clinical insomniacs) compared with those without insomnia or insomnia symptoms (good sleepers) on hrQOL. This finding was similar to those reported in the United States 18, 19 and also extends the research by Sasai et al in Japan. 20 Sasai et al compared differences across those with and without insomnia and those using and not using a medication. 20 Although they had more analysis groups of interest, the authors found significant differences in MCS and PCS between clinical insomniacs and good sleepers, as reported here. 6 However, our analyses controlled for a wider array of confounding variables (eg, CCI, health behaviors, etc) to provide further evidence of this effect. Despite the treatment they are receiving, clinical insomniacs still experience significant and clinically relevant decrements in hrQOL variables. These decrements are observed even after controlling for health history and comorbidity variables, reinforcing the effect insomnia has on patient functioning. This may, in part, be due to a lack of treatment benefit with respect to hrQOL. However, it is likely to be more than just a lack of effectiveness that is causing this gap. Certain sleep medications can be associated with dependency and residual effects, which could reduce levels of hrQOL. 28 Further, although we controlled for both physical
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Burden of insomnia and mental comorbidities, sub-clinical levels of psychiatric conditions (perhaps more common in those with insomnia) 29 may also contribute to a hrQOL decrements. Regardless of the reasons, a clear pattern of worse outcomes was observed for clinical insomniacs despite being under treatment.
The results also provide useful information as to what factors are associated with hrQOL among patients with insomnia, something not previously investigated. Specifically, behavioral factors (such as smoking and exercise) and comorbidity variables were among the strongest predictors of hrQOL among clinical insomniacs. Particularly, psychiatric comorbidities were the strongest predictors of all. Although a somewhat hypothetical exercise, the regression equation results suggest that through alleviating the effects of mental health comorbidities and promoting health behaviors related to sleep hygiene (smoking cessation, alcohol abstinence, and regular exercise), the health utility scores can approach that of good sleepers. Although we focused on malleable healthrelated factors, it is possible other variables may also be associated with health utilities (such as employment). These results have a number of clinical implications. Given past research has suggested that 40% of patients with insomnia have comorbid psychiatric illness, 29 physicians should give particular emphasis to patients with poor behavioral profiles and psychiatric comorbidities as their hrQOL is likely to be poorest and most in need of intervention. Also, given the observed relationship between insomnia and an increased risk of depression, 5 intervening even among clinical insomniacs with sub-clinical psychiatric symptoms may help to prevent future mood disorders in this population.
On the whole, these findings suggest that a combination of addressing the insomnia symptoms and taking mental health and behavior factors into consideration might maximize the hrQOL benefit to the patient. Similarly, these results suggest significant unmet needs with respect to insomnia treatments. A significant burden of insomnia remains even for those treated. The physical hrQOL (PCS) burden of insomnia reported in our current study was comparable (if not slightly larger) to that of diabetes while the mental burden was greater than diabetes, hypertension, obesity, and neuropathic pain underscoring the importance from a public health perspective of improved management. 30, 31 Aside from affecting patients' day-to-day functioning and hrQOL, insomnia has clear effects on society which could, potentially, be mitigated by optimizing treatments.
Limitations
All data were self-reported and no verification of an insomnia diagnosis or treatment usage was available. The NHWS did not include information on non-pharmacological treatment (eg, cognitive behavioral therapy, sleep routines, etc) which could be relevant to include in future studies. The study was cross-sectional so causality between insomnia, treatments, comorbidities, health behaviors, and hrQOL is only hypothesized. Although the NHWS is demographically representative, it is unclear the extent to which this analytical sample generalizes to the various insomnia subpopulations in Japan.
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